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(ii) providing said surfactant and slid silica precursor in a mole 
ratio that is above a lower mole ratio that produces a non-porous silicaphase aodbelow an 
upper mole ratio that produces a lamellar phase. 

2. The method as recited in claim 1 , wherein slid lower mole ratio is about 0.05. 

3. The method as recited in claim 1. wherein f aid upper mole ratio is about 0.3. 

4. The method as recited in claim 1, wherein) said acid is added in an amount 
resulting in a pH of said silica precursor solution of frJm about 1 to about 4. 

5. The method as recited in claim 4, wherefo said pH is about 2. 

6. The method as recited in claim I, wherfn the step of forming includes 
diluting with an alcohol. 

7. The method as recited in claim 6, whirem said alcohol is ethanol. 

8. The method as recited in claim 1, wLein said aqueous solvent, said acid, and 
said surfactant are premixed before combining Jth said silica precursor. 

9. The method as recited in claim 1, therein said mesoporous material is in a 
geometric form selected from the group consoling of fiber, powder, and film. 

1 0. The method as recited in claim 1 , wherein said forming is spin-casting. 

11. The method as recited in claim 1 , wherein said forming is spraying. 

12. The method as recited in cium 1 , further comprising adding a pre-polymer 
polymer to said silica precursor solu/ion making a pituitous mixture. 



or a 



13. The method as recited in ilaim I, wherein said forming is drawing. 
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14. The method as recited in claim 1, wherehJsaid fonning is squeegeeing. 

15. The method as recited in claim 1, further/comprising the step of adding a 
metal compound to the silica precursor solution. 

16. The method as recited in claim 15, whiein said metal compound is selected 
from the group consisting of metal hahde, metal nitf te, and combinations thereof. 



17. 
chloride. 



The method as recited in claim 16, f herein said metal halide is a metal 



18. The method as recited in claim \j wherein said metal is selected from the 
group of aluminum, iron and combinations thereof. 

19. The method as recited in claim /. wherein said silica precursor is an 
alkoxide silica precursor or a tetrachlorosilane 

20. The method as recited in clail 1, wherein said aqueous solvent amount is 
characterized by a ratio of said aqueous solvent to said silica precursor of about 7. 

21. The method as recited in clLi 1, wherein said acid amount is characterized 
by a ratio of said acid to said silica precursor of about 0.1. 

22. The method as recited in/claim 1 , further comprising adding a swelling 
agent to the silica precursor solution. 

23. The method as recited jn claim 22, wherein said swelling agent is 1 ,3,5- 
trimethylbenzene. 

24. The method as recit/d in claim 1, further comprising the step of calcining 
the mesoporous material. 
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25. A method of making a mesoporous silicayfelm, comprising the steps of 

(a) combining a silica precursor with L aqueous solvent, an acid and a 
surfactant having an ammonium cation into a silica precursor solution, 

(b) tempting the silica precursor 4th the surfactant and obtaining the 
mesoporous material from the templated silica precursor, 

(c) forming said siUca precursor irio a preform; and 

(d) rapidly evaporating said aquedds solvent from said preform for 
obtaining the mesoporous material, wherein the improvement comprises: 

(i) said silica precursor if tetraethoxysilane; 

(ii) providing said aqueous solvent in a superstoichiometric 
amount and providing said acid in an amount m/intaining a hydrolyzed precursor and 

avoiding gelation or precipitation; 

(iii) providing said surfkctant and said silica precursor in a mole 
ratio that is above a lower mole ratio that proiuces a non-porous silica phase and below 
and upper mole ratio that produces a lamella* phase; and 

(iv) said forming includes diluting with an alcohol. 

26. The method as recited in cliim 26, further comprising adding a pre-polymer 
or a polymer to said silica precursor solution making a pituitous mixture. 

27. The method as recited in e'laim 26, wherein said rapidly evaporating is by 
spin-casting. 

40. A method of making a mesoporous film on a substrate, the method 

comprising the steps of: / 

(a) combining a silicl precursor with an aqueous solvent, an acid catalyst 

and an ammonium cationic surfactant into a precursor solution; 

(b) dispensing said precursor solution onto the substrate; 

(c) forming a film by evaporation of the solvent in less than 5 minutes; 

and 

(d) heating the filni on the substrate to a temperature sufficient to 
decompose the surfactant, thereby^producing a mesoporous film on the substrate. 
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41 The method of claim 40 wherein the pressor solution is a silica precursor 
solution and wherein the surfactant and the silica precursor solution are in a mole raho that 
is above a lower mole ratio that produces a non-mcsopjUs silica phase and below an 
upper mole ratio that produces a lamellar phase. 

58 A process to form mesostructured filnk comprising: 

(a) preparing a precursor sol containing a soluble source of silica, an 
aqueous solvent, an ammonium cationic surfactant U an acid catalyst; and 

(b) depositing the precursor sol ok a substrate wherein evaporahon of 
solvent and water in less than 5 minutes causes d formation of said mesostructured films 
on the substrate surface. 

59 The process of claim 58 whereiji the aqueous solvent and the catalyst are 
provided in amounts that maintain a hydrolyz/d precursor sol while avoiding gelation or 
precipitation. 

60 The process of claim 58 wheiein the soluble source of silica is a silica 
precursor alkoxide ox tetrachloride andUerein the surfactant and the soluble source of 
silica are in a mole ratio that is above a Uer mole ratio thai produces a non-porous sthca 
phase and below an upper mole ratio ihatfproduces a lamellar phase. 

69. (Thrice Amended) TheJprocess of claim 58, wherein the ammonium 
cationic surfactant further includes [b/omide or chloride or their combination] alkyl 
t^ttwlammon r..™ rf»l»rM« or bro m4 surfactants with different chain lengths ,. 

70. The process of clai/j 58. further comprising the step of calcining said film at 

450°C. 

71. The process of claim 58, wherein the precursor sol is deposited on a 
substrate by spin coating. 
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78. The process of claim 58, wherein said soluble source of silica is an alkoxide 
silica precursor or tetrachlorosiiane, 

79 A process to form a mesoporous structure, comprising: 

(a) preparing a precursor sol confining a soluble source of silica, an 
alcohol and water solvent, an ammonium carionic iurfactant, and an acid catalyst, wherem 
said solvent is provided in an amount resulting in/complete hydrolysis and sa,d ac.d 
catalyst is in an amount to maintain a hydrolyze^ precursor and to avoid gelafcon or 
precipitation in said precursor sol; 

(b) forming the precursor sol jhto a preform; 

(c) evaporating said solvent ^om the preform at a rate that forms a 

meso structured material; and 

(d) calcining the mesostructured material to form a mesoporous structure. 

80. The process of claim 79, wrlrein said precursor sol contains alcohol which 
is a byproduct of hydrolysis, and said mesoporous structure is a film. 

81. The process of claim 79, therein said preform is a droplet, said alcohol is a 
byproduct of hydrolysis, and said sol is spray dried to form a powder. 

82. The process of claim is), wherein said drying is preformed in less than 5 
minutes. 

83. The process of claim/79, wherein said precursor sol contains dilutant 
alcohol, and wherein the mesoporaUs structure is a film. 
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84. A process to form a mesoporous struct W, comprising: 

„ ort^tQ^nintr a soluble source of silica, an 

(a) preparing a precursor sol containing a soiuoie buui^ 

afcohol and wat« solvent, an ionium canonic surfcUt, - an acid «*« wherem 
said so.v e nt is provided in an amount siting in oJm. hydrolysis and ».d aod » « 
m oun. to maintain a hydrolyzcd precursor and to avo|d gdation or precipitation ,n sa,d 
precursor sol; 

(b) fonriing the precursor sol into a ireform; 

(c) evaporating said solvent from trie preform at a rate that forms a 
mesostructured material, wherein said mesostructJd material contains surfactant; and 

(d) calcining the mesostructured rr/aterial to form a mesoporous structure. 

85 (Amended) A process to form a mesostructure, comprising: 

(a) preparing aprecursor sol coiaining a soluble source of silica, water 
and alcohol solvent, an ammonium canonic surfattant and anagid catalyst; and 

(b) evaporating said solvent in /ess than 5 minutes to cause the formation 
of a mesostructure, wherein said mesostructure Contains surfactant 

86. The process of claim 79, wheJn the said precursor sol contains alcohol 
which is a byproduct of hydrolysis, and wheriin said mesostructure is a film. 

87. The process of claim 79, wherein said preform is a droplet, wherein said 
alcohol is a byproduct of hydrolysis, and wherein said precursor sol is spray dried. 

88. The process of claim 79, wLein said evaporating is performed in less than 
5 minutes. 

90. Reprocess of claim 79, 
silica alkoxide precursor or tetrachlorosilane. 
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91 A process to form a mesostructure, comprising: 

(a) preparing aprecursor sol containing a soluble source of silica, a water 
a^d alcohol solvent, an ammonium cationic surfactant and an acid catalyst, and 

(b) evaporating said solvent in less/than 5 minutes to cause the formats 
of a mesostructure. 

92. The process of claim 91, wherein |atd solvent is evaporated in less than 1 
minute. 

93. The process of claim 91, wherein/said solvent is evaporated in less than 10 
seconds. 

94 The process of claim 91, whereL the said precursor sol contains both 
dilutant alcohol and alcohol which is a byprof ct of hydrolysis, and wherein said 
mesostructure is a film* 

95. The process of claim 91, whirein said preform is a droplet, said alcohol is a 
byproduct of hydrolysis, and said sol is spriy dried. 

98. (Amended) The process o/claim 91, wherein the ammonium cationic 
surfactant further includes [bromide or clLide or their combination] alky! 
^^^moniurr ™ ^omide Ifactants with different chain lengths . 

109. The process of claim 4<}( wherein the film exhibits an index of refraction 
between 1.16 and that of silica. 

1 10. The process of claim/58, wherein the films exhibit an index of refraction 
between 1 .16 and that of silica. 

111. The process of claim 79, wherein the mesoporous structure is a film and 
wherein the film exhibits an index of refraction of between 1 .16 and that of silica. 
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1 12. The process of claim 85, wherein the/mesostructure is a film, and wherein 
the film exhibits an index of refraction of between /.16 and that of silica. 

1 13. The process of claim 86, wherein tje film exhibits an index of refraction of 
between 1.16 and that of silica 

1 14. The process of claim 92, wherein/the mesostructure is a film, and wherein 
the film exhibits an index of refraction of between 1.16 and that of silica. 

115. The process of claim 99, whereat the films exhibit an index of refraction of 
between 1 .16 and that of silica, 

116 (Amended) A[n improved] J*hod of forn^g templated mesoporous 
material on a substrate from a silica precursor solution containing an alkoxide silica 
precursor, and ammoninm canonic surfactant and a solvent, while avoiding gelafcon, 
precipitation and non-porous or lamellar structures, wherein the improvement compnses 
the steps of: 

(a) preparing said silica r/recursor solution using an aqueous solvent; 

(b) dispensing a layer of/said precursor solution on said substrate; 

(c) thinning said layer by spin casting; and 

(d) forming templated Jiesoporous material on said substrate by 
evaporation of the solvent in less than 5/minutes. 

1 17. (Amended) A[n improved] method of forming templated mesoporous 
material from a silica precursor solutiin containing an alkoxide silica precursor, an 
ammonium cationic surfactant and a iolvent, while avoiding gelation or precipitation or 
non-porous or lamellar structures, wAerein the improvement comprises the steps of: 

(a) preparing said silica precursor solution using an aqueous solvent; 

(b) spin casting, dewing, spraying or squeegeeing said silica precursor 

solution; and 

(c) evaporating ]he solvent in less than 5 minutes to form templated 
mesoporous material. 

/ 

PAfiF 9 of 18 DO, N0 - 1941-70 

RESPONSE TO FINAL / P^ GE * Ol 19 

orrice action 



Received from < 503 973 14S9 > at 12110/01 7:10:35 PM [Eastern Standard Time] 



DEC-10-2001 16:28 



MARGER JOHNSON ET PL 



503 973 1459 P. 13/21 



118 (Amended) A[n improved] method of formini templated mesoporous 
material on a substrate from a silica precursor solution contaUg an alkoxide smca 
^anamounto.sur.ctantgreat enough ^h^^^ 
I produce a lamellar structure, and a solvent, white avoiding gelat.cn or prec.prta.on, 
wherein the improvement comprises the steps of: / 

(a) preparing said silica precursor solution using an acnieoiis solvent, 

( b) dispensing a layer of said precursor iolution on said substrate; 

(c) thirming said layer by spin casting; find 

(d) fonning templated mesoporous material on said substrate by 
evaporation of the solvent in less than 5 minutes. 

119 (Amended) A[n improved] method of/forming templated mesoporous 
material from a silica precursor solution containing f alkoxide silica precursor, a 
surfactant and a solvent, while avoiding gelation or precipitation and non-porous or 
lamellar structures, wherein the improvement composes the steps of: 

(a) preparing said silica precursor/ solution using an agjjgaus solvent; 

(b) spin casting, drawing, sprayi L or squeegeeing said silica precursor 

solution; and / 

(c) evaporating the solvent in ljUs than 5 minutes to form templated 

mesoporous material. 

120. (Amended) A[n improved] mj/thod of forming templated mesoporous 
material on a substrate from a sihca precursor solution containing an alkoxide silica 
precursor, and a solvent, while avoiding gelation or precipitation an non-porous or lamellar 
structures, wherein the improvement comprises the steps of: 

(a) preparing said siUca ifrecursor solution using as aqueou s solvent; 

(b) dispensing a layer o/said precursor solution on said subslxate; 

(c) thinning said layer by spin casting; and 

(d) forming templated'mesoporous material on said substrate by 
evaporation of the solvent in less warp minutes. 
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121 (Amended) A[n improved] method of/orming template* mesoporous 
serial from a silica precursor solution containing A alfcoxide silica precursor, and a 
solvent, while avoiding gelation or precipitation an<jU- P orous or lemallar structures, 
wherein the improvement comprises the steps of: 

(a) preparing said silica precurso/ solution using an agueous solvent; 

(b) spin casting, drawing, sprang or squeegeeing said silica precursor 

solution; and 

(c) evaporating the solvent in Mss 1 
mesoporous material. 



\ than 5 minutes to form templated 
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